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I. SURVIVAL OF TERRESTRIAL ORGAIIISMS UXlXR ULtTRAVIOlXT FLUXES OF 

400,000,000 Erg-crn-:! OR MORE 

0 

Electromagnetic energies i n  t he  near u l t r av io l e t  (ca 2OOO-3OOO A, 

50-90 kcal/Einstein) a re  well  known f o r  t h e i r  b io logica l  and chemical e f fec ts .  

Radiation i n  the  region of 3 O O O A  
0 

reaches the ea r th ' s  surface and produces 

i n  man and other  animals erythema, tanning, and i n  extreme cases contributes 

t o  death frcm exposure. Radiation i n  the  mercury resonance region, 2537 A, 
0 

has long been used t o  produce general l e t h a l  e f f ec t s  a s  w e l l  as  mutations. 

I Notwithstanding the  impressive e f f ec t s  of u l t r av io l e t  radiat ion,  it 

does not penetrate readi ly  through so l ids  o r  aqueous solutions containing 

I halides,  heavy m e t a l  s a l t s ,  o r  organic matter. Furthermore it has been held t h a t  

super f ic ia l  pigmentation i n  organisms serves as  an e f fec t ive  u l t r av io l e t  screen. 

Nevertheless, Evans has recently completed a study of martian ultravi 'olet  

. 
r e f l e c t i v i t y  and concludes t h a t  s ince gO$ of d i r ec t  so la r  rad ia t ion  between 

2000 and 3000 A, reaches the surface of Mars, "...a l e t h a l  exposure t o  the  
0 

rad ia t ion  would be accumulated in  1 o r  2 days f o r  almost a l l  types of bacter ia ,  

spores, fungi, viruses,  protozoans, and so fo r th  found on earth." 

This unfortunate near generalization has reached the  popular s c i e n t i f i c  

level i n  the  form of the  statement, "Strong u l t r av io l e t  l i g h t  on Mars would 

prevent any earth-type l i f e  from exis t ing  on t h e  p lane t ' s  surface..." which 

i s  even more of a generalization. 

The present c m u n i c a t i o n  i s  addressed nei ther  t o  the  subject of 

general  simulation of martian environments nor t o  the nature of m a r t i a n l i f e f o w ,  

bu t  t o  the correction of an overestimate of u l t r av io l e t  radiat ion a s  an 

eliminative environmental factor.  



The organisms used i n  tests of u l t r av io l e t  (w) e f f e c t s  included 

r e l a t i v e l y  complex animals and p lan ts  as wel l  a s  microscopic forms. 

Animal species included: Bursaria - sp. (C i l i a t a ) ,  Cerastium - sp. 

(Dinoflagel la te) ,  Monostyla - sp. and Philodina - sp. (Rot i fera) ,  Dugesia and 

other Planarians, Chlorohydra - sp. (Coelenterate ), Cephalobus - sp. and Anguil- 

- l u l a  2. (Nematodes), I u l i u s  - sp. (Millipede), a mixed isopod cul ture ,  a 

t a r an tu l a  of undetermined species, Tenebrio molitor ( Insecta) ,  and Pseudemys 

scripta-elegans (Rept i l ia) .  

Vascular p lan ts  tested were: Begonia hybrida, Coleus blumei, 

Alok! variegata,  Faucheria t i g r ina ,  Hedera ba l t i ca ,  P le iosp i los  -- n e l i i ,  Portu- - 
l aca r i a  sp., Sedum sp., Sempervivumtectorum, S tape l ia  - sp. and spores of - -- 
Pteris longi fo l ia .  Except f o r  t he  f e rn  spores, mature p lan ts  were used i n  

survival  tests. 

Other forms included Cladonia rangifer ina,  Rhizopus nigricans,  

Physarum polycephalum, Bacillus s u b t i l i s ,  Escherichia - co l i ,  Staphylococcus 

aureus, Staphylococcus l a c t i s ,  and several  pseudomonads. Bacteria were 

i r rad ia ted  af ter  24 h r  growth a t  30°C on standard nu t r i en t  agar p la tes .  

Following W treatment, f r e sh  p l a t e s  were streaked from cont ro l  and t r ea t ed  

surfaces and incubated 6 days i n  darkness a t  30°C. Spores of fungi and 

sc l e ro t i a  w e r e  i r radiated dry, then placed on growth media a t  25°C i n  laboratory 

l i g h t  of ca 100 f t - c  in tens i ty .  

The principle UV source employed was the  "spectroline" 11SC-1 quartz 
0 

penci l  or a B4T4 low pressure mercury tube, both emit t ing over 85% a t  A 2537 A. 

I n  a few experiments, a Westinghouse 15-watt f luorescent  tube emitt ing from 

2750-3800 A, maximally a t  2900-3100 A was used. 

out i n  a i r ,  but on a few we used 

0 0 

Most experiments were carr ied 
0 

N2. Ozone bui ld  up under 2537 A was prevented 

. 
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by an a i r  stream purge a t  ca 10 l i ters per  minute. I n  experiments with t u r t l e s  

3' (Pseudemys) in  106 02, an alkaline a r sen i t e  screen was used t o  eliminate 0 

Inasmuch as we  challenged t h e  asser t ion  t h a t  the  accumulated dosage 

of W on Mars would be l e t h a l  i n  1 or  2 days, experimental exposures were 

reckoned as multiples of t he  calculated da i ly  f lux  on Mars f o r  an assumed 12 

h r  per  24 h r  diurnal  cycle. 

densi ty  a t  the  top  of t he  earth's atmosphere i n  the  in t e rva l  1 2537 A (assign- 

ing the e n t i r e  energy t o  

This f igure  was obtained by correcting the  f lux  
0 

0 

2537 A )  f o r  t h e  greater  mean distance of Mars from 

t h e  sun (1.52 astronomical un i t s ) ,  and correcting f o r  atmospheric attenuation 

using Evans f igure  of 90% transmission. 

x 10 erg-cm as  the 12-hr da i ly  dose. This corresponds, i n  t u rn  t o  a dose 

r a t e  of about 10 erg-cm 

The re su l t s  of calculat ion gave 4.32 

8 -2 

-2 - 5 sec ', whereas we used continuous i r r ad ia t ion  i n  

5 -2 - general a t  a dose rate of over 4 x 10 erg-cm sec '. Our treatments w e r e ,  

therefore,more severe than a comparison of t o t a l  dosage per un i t  area requires. 

A .  Animal Tests 

O f  12 assorted species tes ted,5 f a i l ed  t o  survive a s ingle  equivalent 

martian day (EMD). These included a protozoan, a nematode, a coelenterate,  

a rot i fer  and assorted planarians (Table I).  These data cannot %e considered 

representative f o r  t h e  groups involved, only f o r  the  species used. This point 

i s  shown c l ea r ly  by comparing the  r o t i f e r  Monostyla which fa i led ,  with Philodina, 

which had motile survivors after ca 8 EMD. 

s l i g h t l y  impaired by ca 5 EMD exposure, whereas the other  nematode, Cephalobus 

Further, Anguillula w a s  only 

succumbed t o  l e s s  than one EMD. Outstanding resis tance was shown in  the  

isopods (under a 15 mm pond water layer ) ,  a ta ran tu la  and a beetle. A l l  sur- 

vived d e s  of a t  l ea s t  11 EMD. 

bu t  under especial ly  rigorous conditions - i n  760 mm 02. 

The t u r t l e  Pseudemys w a s  t e s t ed  f o r  only 0.7 EMD, 

Individual t u r t l e s  
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Organism 

Angiullula 

Bursaria 

Cephalobu s 

Cerast ium 

Chlorhydra 

I sopods 

Mono s t  y la  

Phi lodina 

Planaria 

Pseudemys b 

Tarantula 

Table I 

Survival of Various Animals 

Exposed t o  1 2537 Radiationa 

Dose 

Erg-cm x 10 -2 8 

76 

< 4.3 

< 4.3 

6.5 

< 4.3 

6.5 
39 
140 

< 4.3 

6.5 
39 
12 0 

< 4.3 

ca 10 

140 

Tenebrio (Beetle ) 140 
6.5' 

4 -1 Rate 4.2 x 10 erg-cm-=l sec a 

O2 a t  760 mm Hg 

Equivalent 
d 

No. Martian Days 

17-7 
< 1  

< 1  

1.5 

< 1  

1.5 
99 1 
32.6 

< 1  

ca 2.3 

32.6 

2 -1 At 3000 i, r a t e  9 x 10 erg-cm-2 sec 

erg-cm 

C 

8 -2 dl EMD = 4.3 x 10 

32.6 
1-5 
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. 

.ventured qui te  c h ~ e  t o  the  radiat ion source, and responded by extending t h e i r  

heads, eyes own, toward the  W tube. 

m e d i a t e l y  a f t e r  i r r ad ia t ion  o r  during several  subsequent months under normal 

,-onditions. The spiders a l s o  exhibited a strong pos i t ive  phototaxy toward the  

w tube, actuall;’ g a s p i n g  5% w i t h  one or  more pa i r s  of legs  f o r  as  much as an 

hour a t  a time. 

No sign of v i sua l  impairment was evident 

33. Plant Re spons es 

The general c r i t e r i a  for  W damage t o  mature vascular plants  a r e  

browning of pigmented t i s sues ,  general liquescent appearance i n  patches, espec ia l ly  

i n  succulents, shr ive l l ing  Of leaves, acute loss of tugor, abscission and collapse.  

using a standard dose of W, ca 8 EMD, only minor signs of in jury  a t  most were 

evident i n  some of the  plants  i n  an N2 atmosphere (Table 11). Exceptions were 

Coleus and Begonia which were acutely damaged. Faucheria showed a s l i gh t  drop 

i n  t u r g i d i t y  and Portulacar ia  abscission i n  older  leaves only. 

showed color changes which d i f f e red  from those indicat ive of damage. 

Three species 

They 

produced pink or brown pigments overlaying normal green. 

phenolic i n  character and a r e  now under study. 

These appear t o  be 

C. Survival of Micro-organisms 

Since most s tud ies  i n  the area of u l t r av io l e t  to le ra t ion  have been 

car r ied  out w i t h  micro-organisms, only a few species were included f o r  compara- 

t i v e  purposes t o  demonstrate t h i s  group’s s t r e s s  capabi l i t i es .  

t e s t ed ,  those growing a f t e r  periods of more than 7 EMD were: 

E. c o l i ,  Ps. aeruginosa, and Ps. spp ATC 11299a. 

O f  the  organisms 

B. s u b t i l i s ,  - 
- - -  - -  

Spores and sc l e ro t i a  of fungi  exposed t o  more than 2 EMD of u l t r a -  

v i o l e t  showed normal geminat ion and subsequent vegetative growth. 

- 5 -  



Table I1 

Survival of Vascular Plants  Exposed t o  

10” erg-cm of 1 2537 Radiation i n  760 rnm N2 -2 a 

Species 

A108 

Response a f t e r  72 h r  
Continuous W 

Leaves green and turg id .  

Begonia Leaves orange brown, b l i s t e r y .  

Coleus Leaves limp, discolored. 

Faucheria Leaves somewhat f lacc id ,  but  
green with pink spots. 

Hedera Leaves in t ac t ,  dark green. 

Pleiospilos Body turgid,  UV-side pink. 

Portulacaria Younger leaves in t ac t ,  but 
oldest  leaves f a l l e n .  

Sedum Leaves green, tu rg id .  

Sempervivum 

Stapel ia  

Leaves green, tu rg id .  

Body upright,  firm, W-side 
brown. 

aca 23 equivalent martian days 
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D. The Oxygen Effect 

The re la t ionship  between W radia t ion  and oxygen has not received 

t h e  a t ten t ion  given t o  the interact ions between O2 and X- (or  y-) radiat ion.  

The response shown by t u r t l e s  would i n  f a c t  weaken any general case f o r  such 

an in te rac t ion .  

far, it has been possible t o  demonstrate some marked O2 dependencies (Table 

111). The W-sensi t ive nematode Cephalobus i s  l e s s  sens i t ive  a f t e r  gassing 

with N2 a t  760 mm pressure f o r  30 min. p r io r  t o  i r rad ia t ion .  

Cephalobus i n  a i r  i s ,  roughly 0.4-0.5 x 10 

f i g u r e  i s  approximately doubled to  about 1 x 10 erg-cm . The l ichen 

Cladonia shows a marked metabolic response t o  W, namely a +fold elevation 

Nevertheless, among the  f e w  systems studied under W thus 

The LD f o r  50 
6 -2 erg-cm , whereas under N2, the  

6 -2 

i n  Q 

ately upon removal of the W source. 

a l l y  no change i n  

vascular plants ,  one of the most s t r i k i n g  d is t inc t ions  between exposure t o  

W i n  a i r  o r  N2 is  i n  defoliation. 

o lder  leaves a t  most, b u t  i n  air, t h e  same W dosage induces the abscission 

during exposure i n  a i r ,  and a re turn  t o  the normal dark value immedi- 

I n  contrast ,  under N2, there i s  essent i -  

whether the l ichen i s  exposed t o  W o r  not. Among 
(+02 

Without 02, defol ia t ion i s  l imited t o  

of v i r t u a l l y  every leaf, save perhaps f o r  the  youngest. 

a c t i v i t y  of W, like t h a t  of ethylene, i s  O9-dependent. 

Thus the  defo l ia t ing  

- 7 -  



Table I11 
.)c 

Evidence f o r  an Oxygen Effect  i n  Ultraviolet  Damage 

a .  Cephalobus 

( h  3000 a t  9 x 10 erg-cm sec- l )  
2 2 

Dose 
-2 6 (erg-cm x 10 ) 

0.7 
1.4 
2.1 

Survival ($) 
A i r  N2 

20 100 
0 10 

0 0 

b.  Cladonia 

Atmosphere 

A i r  

N2 

(1 2537 i, 3.6 x 10 9 erg-ern-’) 

C02 Production 

hr’l -1 
Ultraviolet  mm3 gm 

off 24 h r  6 4 5  4 

on 24 hr 190 f 18 

off  24 h r  57 * 4 

off  24 h r  57-1- 6 

on 24 h r  6 9 k  3 

off  24 h r  5 6 t  5 

c. Vascular Plants  

( A  2537 i, 10’’ erg-cme2) 

Species 

Hedera 

Portu l a c a r i  a 

Sedum 

Defoliation 

N2 A i r  

C ample t e None 

Complete Older leaves only 

C omp l e  t e None 

* All atmospheres a t  760 mm pressure.  
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The existence of an oxygen e f f ec t  adds an important parameter t o  

any consideration of W on an environmental basis, because some organisms 

which succunib i n  air w i l l  not do so when l iv ing  a s  anaerobes. The conditions 

of existence i n  many loca les  on earth,  M a r s ,  o r  elsewhere involve s t i l l  other  

fac tors  such as temperature and water which w i l l  f u r the r  modify the  response 

t o  w. 
Oxygen i s  of par t icu lar  i n t e r e s t  i n  r e l a t i o n  t o  other  s t r e s s  factors ,  

because, i n  addition t o  the  present demonstration, it has been shown t o  modify 

t h e  levels  of heat,  cold, and ionizing radiat ion which organisms can withstand. 

I n  addition t o  the  conclusions bearing upon W-flux and surface 

l i f e  on Mars which we have questioned, it has a l so  been maintained tha t  p r i o r  

t o  the release of large quant i t ies  of O2 by photosynthesis, t he  lack of an 

Og-derived ozone layer  would have (again) permit ted a l e t h a l  l e v e l  of W t o  

reach the ea r th ' s  surface, r e s t r i c t i n g  l i f e  t o  zones many meters below the  

surface of the l a t e  pre-Cambrian oceans. The authors f e e l  t h a t  the paleo- 

b io logica l  conclusion, while b e t t e r  founded and developed than the exo-biologi- 

c a l ,  nevertheless must be tes ted  on b io logica l  grounds. 

02, hence ozone, while p e r m i t t i n g  intense UV t o  reach the surfaces of the  land 

and sea, may have in i tseLf l imi ted  the effectiveness of the  W as an acute 

stress factor .  

Thus, the  absence of 

The data which have been presented show that limited doses of u l t r a -  

v i o l e t  rad ia t ion  a r e  not necessarily l e t h a l  toward organisms representing a 

wide range of organizational levels  and evolutionary a f f i n i t i e s .  men if a 

majority of t e r r e s t r i a l  l i f e  forms were t o  be k i l l e d  by martian W levels ,  

generalizations about the  indigenous life-forms of t h a t  planet would be 

insupportable. 

- 9 -  



11. GERMINATION OF ALLIUM I N  AMMONIA-RICH ENVIRONMENTS 

The oxides and hydrides of nitrogen are  physiologically act ive 

and usual ly  tox ic  t o  most forms of plant  and animal l i f e .  The mammalian 

t o x i c i t y  of NH 

I n  recent work i n  t h i s  laboratory a var ie ty  of organisms have revealed un- 

f o r  example, is  comparable with t h a t  of carbon monoxide. 3’ 

expectedly good capabi l i t i es  f o r  growth under NO, NH 

tox ic  gases (Table I V ) .  

and other  nominally 3 

When seeds were incubated under NH (5% by volume i n  a i r ) ,  it was 3 
found t h a t  germination was t o t a l l y  and i r r eve r s ib ly  inhibi ted i n  various 

members of Graminae (wheat, r ice ,  rye),  Compositae ( le t tuce ,  sunflower), 

Leguminosae (bean, pea), Cruciferae ( turnip,  cabbage, radish) ,  Labiatae 

(mint, sage, coleus) and representatives of other Angiosperm famil ies .  

I n  sp i te  of t h i s  formidable record of phyto-toxicity, NH f a i l e d  3 
t o  inh ib i t  completelythe germination of A l l i u m  seed populations. The 

r e s i s t an t  fraction, under 15 per  cent of these populations, obviously con- 

s t i t u t e s  a physiologicaily d i s t inc t ive  experimental group. 

Seeds representing 25 cu l t iva r s  of onion ( A l l i u m  - Cepa) and four  

of leek (A.  Porrum), a l l  from t h e  1965 commercial crop, and w i l d  onion 

- A. cernuum, collected i n  Virginia i n  1965, were used experimentally. 

were incubated on w e t  f i l t e r  paper i n  p e t r i  dishes a t  2 2 ° C  under ca 50 f t - c  day- 

- -  
Seeds 

l i g h t  fluorescent i l lumination. Experiments with ammonia atmospheres were 

carried out i n  the p e t r i  dishes i n  4 4. j a r s  t h a t  had been evacuated three  

t i m e s  and r e f i l l e d  with ammonia. When mixtures containing ammonia were used, 

the  second gas was introduced f i r s t ,  and adjusted t o  the  desired pressure.  

Ammonia was then added t o  give a steady gauge reading a t  a t o t a l  pressure of 

760 mm. 

phase was saturated. When a composition including NH i s  described, 

This required repeated addition of anhydrous NH u n t i l  the  aqueous 
3 

3 

- 10 - 



Table IV 

Atmospheres 
~ 

106 N20 
169 NO + 845 N2 
lOO$ NO 

16% NO2 + 84% N2 
54 "3 + 45% % + 

50-954 "3 + CH4 

50s cH4 

27% NH3 + 27% a4 + 

lo$ o* + 36Q N2 

Examples of Organisms Grown i n  
Atnospheres Containing Oxides 

or  Hydrides of Nitrogen 

Pres sure 
(a. Hg) Organisms Grown 

* 
760 rye 

760 
75 sorghum, rye, r i c e  

s o i l  bacter ia ,  yeasts * 75 sorghum, rye, r i c e  

760 Pseudomonas, Helminth- 
osporium 

760 Torula, Saccharmyces, 
Penici  Ilium, C 10s t ridium 

)tic 760 Kakebekia, blue-green 
algae, myxobacteria 

* 
Stimulated r e l a t i v e  t o  lOO$ N2 a t  the  same t o t a l  pressure. 

Found only i n  a spec i f ic  s o i l  sample, an obl igate  ammonophile. 
?w 
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reference i s  made only t o  the  gas phase, neglecting the  NH 

sa tura te  the aqueous phase. 

required t o  3 

An incubation period of 4 days was selected because a l l  of the  

seeds capable of geminat ing i n  the  presence of a m n i a  were found t o  do 

so  within t h a t  time. 

approximately 7 days' incubation, but  exceeded 50% f o r  most cu l t i va r s  by  the  

I n  contrast ,  complete germination i n  water required 

end of day 4. 

emerged a t  least 2.5 mm. After 4 days, a l l  seedlings had 2.5-4 rmn radicles .  

Seeds which f a i l ed  t o  germinate after 4 days i n  any experimental l eve l  of NH 

d i d  not germinate when washed and returned t o  ordinary aqueous media i n  a i r  

A seed w a s  considered germinated when a firm, white rad ic le  had 

3 

f o r  14 days or more. 

A t  a minimum, germination percentages were based upon duplicate 

determinations each w i t h  50-75 seeds. In  the  survey of v a r i e t a l  differences 

(cf Table V ) ,  figures averaging one per cent o r  l e s s  were based upon r ep l i ca t e s  

t o t a l l i n g  nearly one thousand seeds. 

A. Survey of Cultivars 

Comparative germination data  were obtained f o r  the e n t i r e  a r ray  

of species and var ie t ies  i n  a 5% NH 

conditions (Table V ) .  

germinated t o  some extent.  

f a i l ed  t o  germinate anaerobically yielded seedlings, bu t  severa l  anaerobic 

atmosphere under aerobic and anaerobic 3 
In  NH + N2, twenty onion and four leek cu l t i va r s  3 

Upon replacement of N2 w i t h  air, several  forms t h a t  

va r i e t i e s  f a i l e d  completely when incubated w i t h  aerobic ammonia. I n  general, 

those populations yielding subs tan t ia l ly  more than one per  cent germination- 

'Sweet Spanish', 'White Sweet Spanish', and 'Evergreen Long White Branching' 

onion, plus a l l  Of the  leeks - showed l i t t l e  d i s t i nc t ion  between aerobic and 

anaerobic conditions. 

- 12 - 



Table V Germination of A l l i u m  Cultivars i n  

Cultivar 

Ammonia-Rich Atmospheres 

Onion (A.  Cepa) - - -  
Yellow Bermuda 

Sweet Spanish Hybrid 

Excel Bermuda 

Burpee Yellow Globe Hybrid 

Crystal  White Wax 

Southport White Globe 

Red Wetherf i e l d  

menezer or  Japanese 

Sweet Spanish 

Australian Brown 

Early Grano 

White Sweet Spanish 

White Portugal 

Yellow Globe Danvers 

Southport Red Globe 

Southport Yellow Globe 

Evergreen Lmg White Bunching 

Early Yellow Globe 

Autumn Spice F1 Hybrid 

He Shi KO 
Magnifico Hybrid 

Downing Yellow Globe 

White Lisbon 

Bermuda Crystal  White 

White Portugal Bunching 

)c 
Percent Germination 

After 4 ~ a y s  i n  50$ m3 + 

5@ N2 5 6  A i r  

0 

0 

0 

0.7 

0.5 

1.1 
0 

0.6 

6.1 
0.9 
6.1 
5.1 
1 .4  
1- 5 
0.5 
1.6 
7.6 
1.4 
1.4 
3.3 
1.6 
1.1 

1.2 

0 

2.0 

0 

1 - 3  
0 

0.8 
0 

1.2 

0.6 
0.5 

3.4 
1- 3 
3.8 
5.0 

3.1 
1.3 
2.2 

0.9 
8.4 
0 

0 

3.0 
1.1 

0 

3.7 
0.4 
1 .6  

* 
Each number i s  based on a t  l ea s t  800 seeds germinated 4 days a t  22°C. 

- 13 - 



Table V (Cont'd) 

Cul t ivar  

Onion ( A .  - cernuum) 

wild onions 

* 
Percent Germination 

After 4 Days i n  50% NH3 + 

5074 N* 50% A i r  

0 0 

Leek ( A .  Porrum) - -  
E l e  pha n t  5.8 
Large Musselburg 6.5 
Broad London or  American Flag 7.3 
Large Flag 11.4 

5.8 
5.0 

9.3 
7.6 

* Each number i s  based on a t  least  800 seeds germinated 4 days a t  2 2 O C .  
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O f  the  t h i r t y  A l l i u m  species and cu l t ivars  tabulated,  only t e n  have 

been tested f o r  germination under nitrogen anoxia: 

'Sweet Spanish Hybrid', 'ESrcel Bermuda' and w i l d  onion w e r e  obl igate  aerobes. 

'Southport Yellow Globe', 'Evergreen Long White Bunching', 'White Portugal 

Bunching', 'Crystal  White Wax', 'Yellow Globe Danvers' and 'American Flag' 

'Yellow Bermuda', 

. 

leek w e r e  f acu l t a t ive  . 
under 5 6  m3 + 5 6  N*, 

six f acu l t a t ive  aerobes 

from 0.5 t o  7.3% i n  t he  

This response 

O f  t he  four obl igate  aerobes, th ree  failed t o  germinate 

but one, 'Sweet Spanish IIybrid'; germinated w e l l .  O f  

(2-4$ gemination in 106 N2), a l l  germinated ranging 

NH -N mixture. 

of A l l i u m  obviously involved more than imbibit ional 
3 2  

swelling, and would be of i n t e re s t  whether it was based wholly upon c e l l  

expansion, upon c e l l  division, or both. Smears fixed and s ta ined i n  aceto- 

orcein showed t h a t  4-day old 'American Flag' leek roots  consist  of about 13% 

dividing c e l l s  (based on ca  230 c e l l s  examined) when grown i n  a i r ,  and ca 51 

dividing c e l l s  (based on 430) when germinated i n  106 ammonia. Cmparable 
\ 

fig2res nt ca l k$  in zir snc? 4$ in z?E?EnEiz "re giF3n by ETTergreen'nnic?n 

roots .  

however, abnormal, having the appearance of highly attenuated, elongated 

The chromosomes of root  c e l l s  from seeds germinated under NH w e r e ,  3 

sp i r a l s .  Metaphase was especial ly  poorly defined and even interphase nuclei  

were atypical ,  displaying a red-orange r a the r  than t y p i c a l  magenta color.  

B. Atmospheric Compositions 

Two onions and two leeks were chosen f o r  a more systematic study 

of var ia t ions  i n  ammonia compositions. The presence of 10-25$ NB increased 

germination moderately t o  markedly above the l eve l  found under pure n i t ro-  
3 

gen anoxia (Table V I ) .  This response i s  sustained a t  higher NH l eve ls  
3 
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Table V I  Effect of Variations i n  NH Upon 

Anaerobic Germinat ion of A l l i u m .  
3 

A l l i u m  Cultivar (% Germination) 

Atmosphere A. Cepa A. Porrum 
(Vol. $) White American 

N2 Evergreen Portugal Large Flag Flag " 3  

0 100 4.0 0 0 0 

10 90 9.0 1.0 10.0 11.1 

25 75 5.4 1.0 8.0 5-0 

50 50 8.0 0 8.0 9.0 

100 0 8.0 1.0 4.0 5.0 

- 16 - 
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3' although both leek cu l t ivars  showed a tendency toward decline above 50$ NH 

However, when ammonia was held constant a t  50 vol  $I and t h e  O2 l e v e l  varied 

from none (SO$ N2) t o  SO$ (no IT2), no such trends w e r e  evident (Table VII). 

C. Other Bases 

In  an e f f o r t  t o  s o r t  out the  f ac to r s  i n  NH t o x i c i t y  and tolerance,  3 
comparisons were made with four  other c lasses  of substance; (1) re la ted  

nitrogen bases, (2)  strongly alkal ine non-nitrogenous base (3) a non- 

a lkal ine ammonium s a l t ,  and (4 )  near neut ra l  Na s a l t  (Table VIII). Con- 

s ider ing the  unexpected a b i l i t y  of A l l i u m  t o  germinate i n  ammoniacal media 

which i n i t i a t e d  t h i s  work, it was no surpr ise  t o  see even b e t t e r  gemination 

i n  hydrazine, a s l i g h t l y  weaker base, o r  methylamine, a somewhat stronger 

3' base than NH 

Gemination was markedly greater  i n  0.01 M NaOH than i n  ammonia or  

hydrazine. 'Evergreen onions', i n  f a c t ,  gave somewhat higher gemination i n  

0.1M NaOH a t  pH 13 than i n  NH a t  pH 12.2. 'American Flag' leek, however, 

f a l l e d  c a p i e i e i y  ai pE 13. 
3 

i n  a i l  o ther  respects the  behavior of onion and 

leek i n  basic  media f a r  exceeded expectations. S l igh t ly  acidic  ammonium 

ace ta te  and molar sodium chloride prevented germination completely. 

One s t r ik ing  difference between 0.01 M NaOH, pH 12, and the other 

bas i c  media was t h e  appearance i n  t h e  a l k a l i  solut ion of green shoots over 

1 cm i n  height a f t e r  about 7 days. 

D. Penetration of Ammonia 

No quant i ta t ive studies of NH uptake have been attempted, but a 3 
few qual i ta t ive  tests showing ammonia entry have been carr ied out successfully. 
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Table VI1 Effect  of Variations i n  O2 Upon Germination 

of A l l i u m  

Atmosphere 

V o l .  % 
O2 

0 

0.5 

5 

10 

50 

~ 

"3 N2 

50 50 

50 45.5 

50 45 

50 40 

50 0 

A l l i u m  Cultivar ( Germinat ion ) 

A. Cepa A .  Porrum 

White American 
Evergreen Portugal Large Flag Flag 

7.6 1.4 11.4 7.2 

6.0 2.0 10.0 9.0 

6.0 0 6.0 8.0 

8.4 3-1. 7.6 9.3 

8.0 1.0 10.0 6.0 
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Table VI11 Germination of A l l i u m  Seed i n  Nitrogen 

Bases and Other Alkaline Media 

Concentrat ions 
Compound Moles/L 

I”k0H 1.5 

”2% 15 

CH NH 15 3 2  

NaOH 0.01 

0.10 

NH~,OOCCH, 1 
J 

N a C l  1 

* 
finimum 100 seeds 

Green shoots a f t e r  7 days 
3c)c 

Approx . 
PH 

12.2 

11.7 

12 -9 

12.0 
13.0 

5.6 

6.0 

* 
Germination ($) 

Onion Leek 
Evergreen American Flag 

5.6 2 -7 

23.0 8.0 

12.9 5.6 

58- 30* 
11 0 

0 c! 

0 0 
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A l l i u m  roots i n  15 M ammonia were washed i n  d i s t i l l e d  water u n t i l  

Root sap was wash water was neutral  or s l i g h t l y  ac id ic  t o  indicator  paper. 

then pressed out and pH determined. Control roo ts  were t r ea t ed  s imilar ly .  

Roots i n  ammonia gave a pH of ca 8.5, whereas controls  were a t  pH ca 6.5. 

Allium roots i n  15 M ammonia were washed and rap id ly  vacuum in- 

f i l t r a t e d  with concentrated commercial Nessler Reagent, and washed again with 

vigorous shaking. Squash preparations were examined under oil-immersion a t  

1000X-magnification. A yellow-brown p rec ip i t a t e  of the  mono-mercuric iodide 

complex was readi ly  seen within many epidermal and c o r t i c a l  t i s s u e s  c lose ly  

following the  shape of the c e l l s .  Many c e l l s  showed no prec ip i ta t ion ,  hence 

the overa l l  e f fec t  was t h a t  of a mosaic pat tern.  I n t e r c e l l u l a r  deposits 

were a l so  i n  evidence. 

Ammonia solut ions lysed some membranes, such as  those of beet  root,  

rap id ly  and i r revers ib ly  transformed t h e  betacyanin released t o  a yellow pig- 

ment. Beet root  cubes 15 mm/si.de were immersed i n  ammonia solut ions of 15 M, 

1.5 M and 0.15 M for 90 min, then sectioned free-hand. Penetration w a s  

noted a s  follows: 

Ammonia 
M 

15 

1 .5  

0.15 

Penetration 
mm. 

7-8 

2-2.5 

< 0.25 

We rea l ize  t h a t  although amonia tolerance i n  A l l i u m  may be 

unique t o  t h e  genus, o r  t o  i t s  family (Li l iaceae) ,  t h i s  uniqueness i s  

unprovable by any e f f o r t  short  of t e s t i n g  s izeable  populations of many 

va r i e t i e s  of many species i n  a large se lec t ion  of genera and famil ies .  
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I .  
I n  any case, t h e  juxtaposition of contrasting individual ammonia 

tolerances i n  populations t h a t  must otherwise be highly similar of fe rs  a 

unique opportunity t o  study physiological performance under s t ress .  

rad ic le  produced i n  s t rongly ammoniacal media can be considered "normal" 

No A l l i u m  

I 

f o r  t he  c e l l s  produced are of a highly abnormd character. The attenuated 

s t a t e  of the chromosomes in NH -grown roots  maybe a general s t r e s s  response 

r a the r  than a spec i f ic  indicator  of ammonia tox ic i ty ,  because it resembles 

3 

s t r ik ing ly  the  condition of onion root  t i p s  frozen while growing, ' I . .  . t o  , 

give nucleic acid s tarvat ion of heterochramatic segments, which thus show 

I t h e i r  s p i r a l  s t ructure" .  

It i s  conceivable t h a t  amnonia intoxicat ion in t e r f e re s  i n  some 

spec i f ic  way with DNA synthesis. However, what l i t t l e  i s  known about the  

act ion of NR o r  NH4 

ic protein and amino acid metabolism ( inhib i t ion  of some 1-amino oxidases and 

+ on biochemical pathways suggest t h e i r  interference 3 

I .  

glutamic-alanine transaminase). 

used here could a l so  in t e r f e re  with any process rea_uiring 0.1 Co ; o r  Zn 

Presumably ammonia applied a t  the  levels  

ft ++ ++ 

a l l  of which form ammono-complexes readi ly .  It i s  evident t h a t  OUT present 

knowledge of ammonia a s  a metabolic inh ib i tor  o r  regulator i s  highly l imited.  

To what extent can the  e f f ec t s  of high leve ls  of NH be accounted 3 
IE NaOH (pH 12)  the high germination f o r  i n  terms of a l k a l i n i t y  or  osmolarity? 

r a t e  and subsequent growth i n t o  normally d i f fe ren t ia ted  green seedlings suggests 

3' t h a t  A l l i u m  i s  even more remarkably to le ran t  of a l k a l i n i t y  than it i s  of NR 

A t  pH 13, NaOH s t i l l  supports more germination than NH i n  the  onion, but 

not i n  the  leek var ie ty  tes ted.  Furthermore, methylamine at pH 12.9 supports 
3' 

somewhat higher germination than NH a t  pH 12.2. Osmotic or  sa l ine  inhibi t ion 3 

1. Darlington, C. D. and Lacour, L. F., "The Handling of Chrmosomesr' 

3rd Edition, p. 91, G. Al len  and Unwin Ltd. ,  London, 1960. 
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i s  i l l u s t r a t e d ,  presumably, by t h e  e f f e c t  of molar NaCl (ca  6 % ) .  However, 

even though aqueous NH 

pressure a t  15 M is s t i l l  grea te r  by tenfold than t h e  salt  solut ions.  Con- 

ceivably, NH3, NH4 

a c t i v i t y  which such solut ions should exert  on purely osmotic grounds, j u s t  a s  

Ca" o f f s e t s  inhibi t ion of rye germination by NaC1. These comparisons render 

i s  f a r  less dissociated than molar NaC1, i t s  osmotic 3 

+ or  OH- i n  ammonia solut ions o f f s e t s  t he  inh ib i to ry  

in te rpre ta t ion  of t h e  inh ib i tory  e f f e c t s  of ammonium ace ta te  uncertain. 
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111. ADDITIONAL DATA: 

A .  A l l i u m  Germinat ion 

RESPONSES TO NH AND ALKAXS 3 

in Strong Alkali 

Unlike NH which supported the germination of about 75% of 30 
3' 

va r i e t i e s  and allows only lo$ gemination a t  most, 0.01 M Na o r  KOH a t  the 

same pH (12) permitted a t  l e a s t  minimal germination i n  a l l  var ie t ies .  

Gemination i n  the  50-80$ range were f a i r l y  cummonplace i n  t h e  a lka l i e s  

(Table I X ) ,  as were green shoots. 

+ - I -  The Na -K d i f f e ren t i a l  i s  qui te  s t r ik ing  i n  some va r i e t i e s  and not 

evident i n  others. 

i n  KOH than  i n  NaOH; 5 va r i e t i e s  responded b e t t e r  i n  NaOH; and 13 w e r e  

marginally affected or  indifferent .  

%us, 8 out of 26 va r i e t i e s  showed greater  germination 

+ 
4 

and OH-; hence it was of in te res t  t o  look f o r  signs of correlat ion of Allium 

responses t o  various ammoniacal and alkal ine conditions a t  1 atmosphere. 

fou r  sets of conditions selected were (Figure 1): 

The ammonia e f f ec t  must be in  par t  a r e s u l t  of the  presence of MI 

The 

i:i NH : a i r  vs 0.01 M NaOH 

1:l m :N vs 0.01 M NaOH 

1:l NH .N vs 0.01 M KOH 

1:l NH : a i r  vs 0.01 M KOH 

3 

3 2  

3'  2 

3 
Graphically no strong def ini te  trends appeared, but  the  bes t  

correlat ions appear t o  reside i n  aerobic ammonia cultures,  especial ly  against 

KOH . 
The data show t h a t  among the  stronger bases, the  mechanisms i n  

operation are  cation dependent i n  about one-half of the  va r i e t i e s  used. 
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Table I X  Germination of A l l i u m  Cultivars a t  pH 12 

i n  0.01 M Alkali 

Germination 4 cays 

.01 M KOH .01 M NaOH 

Onion - 
Yellow Globe Danvers 

White Portugal 

Crystal  White Wax 
Downing Yellow Globe 

FDenezer 

Burpee Yellow Globe Hybrid 

Early Yellow Globe 

Southport Yellow Globe 

Southport Red Globe 

Southport White Globe 

Red Wetherf i e l d  

Early Grano 

Autumn Spice Hybrid 

Excel Bermuda 

Australian Brown 

Yellow Bermuda 

Sweet Spanish 

Sweet Spanish Hybrid 

White Sweet Spanish 

He Shi KO 
Magnif e ro  Hybrid 

White Lisbon 

Evergreen brig Bunching 

Elephant 

Large Musselburg 

Broad London 

54 
47.5 
1.5 

14.5 
47.5 
35.0 
56.5 
44.0 
2.0 

24.5 
9.5 

64.0 
27.0 
"'(. 0 

8.0 
21.0 

17.0 

53.0 
75.0 
69.5 
68.5 
18.0 

39.0 

59.0 
78.0 
23.0 

54.3 
6.5 
9.0 

34.0 
33.0 
17.5 
56.5 
9.5 

15.5 
51.5 
29.5 
72.0 
12.5 
i8.0 

2.5 
9.5 

14.5 
52.5 
86.0 
77.0 
21.0 

12.5 
58.0 

1.5 

30.0 

0 
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The suppression of green shoots i n  ammonia a t  pH I2 i s  not a 

r e s u l t  of elevated pH as the  stronger bases show. 

bases a re  applied a t  higher concentrations, germination i s  once again reduced 

However, i f  t he  s tmnger  

t o  root emergence during the four  day period. 

Molarity 

0.01 

Onion (Evergreen) Germination 39 
Green shoots + 

Leek (Broad London) Germination 23 

Green shoots + 

KOH 

0.1 

39 
- 
2 
- 

1.0 0.01 

48 58 
- ++ 

17 30 
- ++ 

NaOH 

0.1 1.0 

11 23 
- - 
0 9 
- - 

The possible uniqueness of ammonia tolerance among seed p lan ts  has 

been noted i n  Section 11. Additional data  can now be added t o  amplify t h i s  

point.  
Germination ( $J) 
i n  NH40H 

( Concentrated ) 
Family Liliaceae 

Genus 

Asparagus 

Lilium ( rega le)  

2.2 (dead by day 4 )  

0 

Hemerocallis 0 

O m i t  hoga lum 0 

Allium ( chives ) 4.3 

Asparagus showed an abortive response, t h ree  other  genera none, 

and only one other member of A l l i u m  shows e s sen t i a l ly  a t y p i c a l  ammonia 

response. 
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Some NH -Induced Histochemical Changes i n  Xerophytic Forms 
3 . Be 

I n  an e f f o r t  t o  extend our understanding of the  changes t h a t  exposure 

t o  NH might e f f ec t  i n  vivo, e n t i r e  p lan ts  of Cereus peruvianus and several  
3 

Euphorbias were held i n  a 1:l NH : A i r  composition f o r  ca 4 weeks. Grossly, 3 
p l an t s  were bronzed, but had not yet collapsed, o r  became extended "culture 

media" f o r  t o l e ran t  microflora. Tissues were somewhat f lacc id ,  but not generally 

shr ivel led.  One species E. xylophylloides had turned t o  a glossy deep black - 
color on the  surface, but w a s  otherwise in t ac t .  

Respiration measurements were attempted on three  specimens : Cereus, 

E. hermentiana, and E. xylophylloides. 

but  the t i s sues ,  s t i l l  moist and NH -laden, could have retained C02 a s  HCO 

No Cog production could be detected, - L 

- 
3 3 - - 

3 -  or  CO 

O2 uptake in a i r  on a "per plant"  bas i s  was as follows (cm-yhr): 

Treatme_n_t 

3 Control I n  NR 

- E. hermentiana 10 6 

- r: . xylophylloides 6 4 

Cereus 6 4 

Plants  exposed t o  NH showed a cha rac t e r i s t i ca l ly  elevated O2 con- 

sumption, e i t h e r  a r e s u l t  of increased resp i ra tory  substrates,  autoxidizable 

reducing agents, o r  increased permeability. I n  view of a )  t he  comments on 

ammonia penetration i n  I1 (p. 17), b )  

from xerophytic t i s s u e  f o r  2 days, and 

specimens, t he  permeability factor was  considered t o  be a primary fac tor  i n  

enhanced O2 consumption. 

NH 

3 

the continued exudation of ammonia 

c )  the generally moist surface of the 

Furthermore, unlike untreated plants ,  those out of 

shr ivel led within a few days in  a i r .  3 
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Histochemical tests (Table X )  showed t h a t  i r respect ive of species, 

s tarch aldehydes and o-diphenols, when present a t  all, were moderately t o  

grea t ly  elevated a f t e r  NH treatment. Levels of enzymes are  d i f f i c u l t  t o  

explain a t  present except f o r  the frequent reciprocal  peroxidase-catalase re- 

la t ion.  

3 
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IV . THE MICROBIOLOGY OF ULTRASALINE, ACIDIC,  AND OTHER EXTRFSIE CHEMICAL 

ENVIRONMENTS 

A. Review of Preliminary Experiments 

I n  the  l a s t  report  (Semiann. Rpt., 1 Nov. 1965) data  were given 

showing t h e  successful cu l ture  of r e s i s t a n t  o r  t o l e ran t  s t r a i n s  of bac te r ia  

from s o i l  inocula i n  extreme chemical environments, and the maintenance of 

viable,  motile c e l l s  i n  such cul tures  f o r  6 months. 

The s ta tus  of these crude exploratory media from inception i s  as 

follows : 

Saturated S a l t  Media with Motile Bacteria 

A t  1 Month 6 Months 

LiC1, LiBr ,  LiNO, LiC1, L iBr  
J 

NaC1, Na2S04, Na2HP04, A l l  ac t ive  

Both ac t ive  

Both ac t ive  

Active 

Active 

Active 

1 Year 

LiC 1 

NaC1, Na2S04, 

Na2HP04 

KBr 

No a c t i v i t y  

Active 

Fai lures  may have involved substrate  o r  metabolite depletion, breakdown i n  

res i s tance  factors,  tox ic  chemical changes i n  media,  e t c .  Nevertheless, t he  

performance i s  s t r iking.  Among heavy metal  media a t  one year, v iab le  c e l l s  

- 30 - 



s t i l l  e x i s t  i n  CU(II), CO(II), MU(II) and F e ( I I I )  salts, except n i t r a t e s .  

Other spec ia l  cultures i n  a lka l ine  media show a t  one year: 

a. KCN - motile bacter ia  present, and odor of NH from S o i l  cul tures  3 
strong, solution saturated; 

b. NaOH - no bac ter ia  surviving i n  1 N media; 

e. %SO4 - no bac ter ia  surviving a t  any l e v e l  above 1 N, except 

for suspected spore geminat ion in sedben-  i n  36 N acil I 

It w i l l  be recal led that  preliminary e f f o r t s  i n  the  use of defined 

A comparison of the  3 and 9 media were a l so  described i n  the 1 Nov. report .  

month data shows tha t  during the past  6 months some have increased, some have 

decreased and others have remained e s sen t i a l ly  unchanged in  b a c t e r i a l  count, 

(Table X I ) .  

B. Current Results 

I n  t h e  earlier phases of our study of u l t r a sa l ine  media, an acci- 

denta l  laboratory contaminant was found i n  ce r t a in  cu l tu ra l  materials;  f o r  

example, in preservative-free b a k e r y  bre~_C! s z t z r z t e d  vith KC1, Ma SG 2 4' 
Ca(OAc),, e tc .  

cul tures  had been maintained f o r  periods of a t  least 12 weeks, and, i n  some 

instances, not u n t i l  almost a year had elapsed. 

bread medium, t h i s  contaminant could readi ly  and rapidly be t ransfer red  t o  

many other  media and environments without a perceptible delay i n  growth 

response. It appears t h a t  we encountered a mutant clone of a cmmon 

laboratory contaminant, Penicillium notatum, which mutant now possessed an 

astonishingly wide range of s t ress  tolerance.  Morphologically, P. notatum 

(clone "extremis") appears t o  be indistinguishable from the  w i l d  type when 

grown i n  conventional culture media such as Sabaroud's agar, Czapek's agar, 

This contaminant, a fungus, d i d  not appear u n t i l  some of these 

Once established i n  saline- 

- 
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Table X I  Review of S o i l  Bacter ia l  Growth i n  

Defined Media After 3 and 8 Months 

Growth of Bacteria a t  22°C i n  Defined Sa l t  Media 

From S o i l  Inocula (5g/ t )  

Observations a f t e r  After 270 Days 
Saturated Medium 90 Days Countb Count a Sa l t  

6 N x 10 6 
L i C l  PG 0.2 3.5 

YE 3.9 3.0 
> 10 3.5 

YG N X 10 

GE 10 2 

YG 

YE 
MgCI2 PG 

0.8 
2.1 
5.1 

0.5 
2.0 
3.0 

GE 1.0 0.5 

CaC12 YG 
PG 
YE 
GE 

0.8 
7.0 
1.1 
0.8 

0.5 
2.0 
2.0 
2.5 

a YG=5g/.! yeast ex t rac t  + log/& glucose; PG=5g/G peptone, log/$ glucose; 

YFk5g/$yeast ex t r .  i n  Eagles med.; GE=lOg/& glucose i n  Eagles med. 

4 3  6 3  I n i t i a l  c e l l  count < 10 /cm (< 0.01 x 10 /cm 1. 



nut r ien t  broth, e tc . ,  a t  temperatures ca 22OC. 

f o r  example M ~ ( O A C ) ~ ,  t he  mycelial mats re ta ined the color and general  

appearance of P. notatum. However, i n  p rac t i ca l ly  a l l  media containing 

sa tura t ing  leve ls  of s a l t s ,  def in i te  changes i n  spore color,  mycelial 

On some spec i f ic  s a l t  media, 

- 

appearance, color and fluorescence of broth medium, and cytology have taken 

place. To i l l u s t r a t e :  

KC1 - mycelial mats indented, d i s t i n c t l y  margined, spores brown, 

medium colorless;  

NaOAc - mycelium normal but underside of mycelial mat c a r r i e s  

spheroidal masses of NaHC204, spores ol ive brown, medium pale  

yellow; 

M~(OAC)~ - mycelium normal, spores bright green, medium br i l l i an t  yellow 

3; and contained copious chalky p rec ip i t a t e  of MgCO 

SrC$ - mycelium composed of loose spherical  subsinface bodies, spores 

ra re ,  black giving s a l t  and pepper e f f ec t  against  white mycelium, 

medium colorless;  

- lN mycelium white, loosely margined m a t  with hyphal masses H3m4 - 
pendant i n  medium, spores few and pale, medium color less;  

4N mycelium large, loose spherical  subsurface body, spores - 
few and pale, medium color less .  

These comments a l so  apply t o  unusual media other  than salts. 

The a b i l i t y  of an organism t o  m a k e  use of the ion-coordinated water i n  a 

saturated solut ion was not the only f ac to r  of i n t e re s t  i n  these experiments. 

Superimposed on the s a l i n i t y  factor  was the temperature var iable  (Table 

XII). Spore-inoculated salt cultures were incubated under each of th ree  
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Saturated 
Sa l t  

Solution 

Chlorides 

"4 
L i  

Na 

K 

M g  

Ca 

Sr 
Ba 

Control 

Table X I 1  Interact ion of Temperature and Sa l in i ty  on 

Acetates 

"4 
L i  

Na 

K 

M g  

Ca 

S r  

Ba 

C o n t r o l  

Penicillium Growth ( i n  Standard Peptone- 

Yeast-Glucose Media) 

F i r s t  Observation of Macroscopic 

Mycelia (weeks ) 

0.78 

0.11 

0.76 
0.84 

0.33 
0.30 

0.11 

0.73 
0.23 

0.55 
0.85 

16 hr-30"C 
8 h r  + 22°C 

22" c Cycle - 4" c - 

- 
2 

- 
2 
- 
2 

24 

24 

24 

1 

1 
8 
1 

1 

2/7 

- 
2 

5 

- 
2 

2 

* aqueous vapor pressure of salt solut ion at T o C ,  A =  w vapor pressure of pure water 
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- di f fe ren t  regimes. The f i r s t  group was kept a t  room temperature (22OC), t he  

second a t  a constant 4"C, and the  t h i r d  was placed on a cycle of 16 hours 

per day at  -30°C and 8 hours per day a t  22OC. 

each inoculated saturated s a l t  solution were incubated a t  each temperature 

in order t h a t  samples might be drawn from the  supply a t  designated in t e rva l s .  

Observations and comparisons of the  data obtained from these samples showed 

a complex interact ion of the  s a l t  and temperature variables.  Not only were 

the re  obvious differences in  the growth curves of cul tures  incubated i n  

d i f f e ren t  s a l t  solutions (Figure 2) ,  but the growth curves of the organism 

incubated i n  the same s a l t s  at  several  temperature leve ls  showed marked 

var ia t ion  (Figures 2-4). 

ex t rac t ,  and 0.5% glucose. 

Eight cu l ture  f l a sks  of 

The media contained 0.1% peptone, 0.1% yeast 

Large differences i n  the extent of growth i n  saturated s a l t  

solut ions led us t o  experiment with combinations of s a l t s .  Since it had 

been previously noted t h a t  divalent s a l t s  were, in general, l e s s  inh ib i tory  

t o  growth than monovalent s a l t s ,  combinations of these two types of s a l t s  

were prepared. 

When LiC1, normally a growth inhibi tor ,  was combined with non-inhibitory 

M g C 5 ,  the  solution supported growth. 

w i t h  non-inhibitory CaC12, the  resu l tan t  solution d i d  not support growth. 

Other r e s u l t s  of s a l t  combination are  a l so  possible:  

of Na and Sr, when combined, no longer supported growth. 

Results (Table XIII) showed t h a t  the e f f ec t  was a complex one. 

However, when L i C l  was combined 

f o r  example, the  ace ta tes  

While a l iqu id  medium was found t o  be best f o r  P. notatum - 
(clone "extremis"), 

propert ies  was tes ted .  This medium was an electron-beam-radiated cross- 

l inked polyethylene oxide ge l  which was loaded with saturated solutions 

of the experimental mineral s a l t s .  

a sol id  medium d i s t i n c t  from agar i n  physical  

The advantage of t h e  "Polyox" gel was 
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incubation Time - Weeks 

4 

FIGURE 2 THE COURSE OF GROWTH OF - P. NOTATUM IN SATURATED ACETATE SALTS (50 ml) 
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I 
c s 

50 

I I I 

4 O  c 

I NaOAc / 

I 
I 

1 2 3 4 

incubation Time - Weeks 

FIGURE 3 THE COURSE OF GROWTH OF P. NOTATUM IN SATURATED ACETATE SALTS (50 ml) - 
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16 Hours -3OoC/8 Hours 22' C 

0 

1 2 3 4 

Incubation Time - Weeks 

FIGURE 4 THE COURSE OF GROWTH OF - P. NOTATUM IN SATURATED ACETATE SALTS (50 ml) 
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Salt 

a 

LiCl 
LiCl 
LiCl 
NaCl 
NaCl 
NaCl 
KC1 
KC1 

KC1 

LiOAc 
LiOAc 
LiOAc 
NaOAc 
NaOAc 
NaOAc 

Table XI11 Growth of Penicillium in Combinations 

of Saturated Salts 

b 

SrC12 

CaC$ 
SrC12 

CaC12 
SrC$ 

CaC12 

Sr( OAc ), 

MgCl2 

MgCl2 

c 

M g m c  l2 

M g m c  l2 

Ca ( OAc )2 

Sr ( OAc 

Ca(OAc)2 

Macroscopic Mycelial Mat 
after 8 wks at 22OC 

a only b only a + b  



t ha t  it not only permitted a separation of d i scre te  colonies but a l so  

alloxd the extension of individual hyphal t i p s  o r  masses of hyphal t i p s  t o  

be followed d i r ec t ly  a t  high dry magnification (ca 450 x). The r e s u l t s  

of t e s t s  on t h i s  unique medium a re  shown i n  Table XIV. 

Once a su f f i c i en t  supply of sa l t - to le ran t  molds had been accumulated, 

it became possible f o r  us t o  begin tes t s  which would reveal  biochemical 

differences among the  various - P. notatum cul tures .  

liminary r e su l t s  i n  t h i s  area.  

i n  enzyme act ivi ty ,  but a l so  i n  t o t a l  nitrogen content. 

Table XV shows some pre- 

Significant differences were observed not only 

Further s tudies  

on the physiological functioning of these molds are  i n  progress. 

The degree of adaptation shown by our clone of - P. notatum t o  high 

salt  concentrations led us t o  an invest igat ion of t he  organism's a b i l i t y  t o  

adapt i tself  t o  other harsh chemical environments. 

chosen f o r  t h i s  study i s  given i n  Tables XVI-XVIII. Many of these cul tures  

have already yielded promising r e su l t s ,  although t h e i r  period of incubation 

A l i s t i n g  of t h e  compounds 

has been short .  Continued observation may give us  fu r the r  insight  i n to  the  

nature of survival under extreme stress. 

- 40 - 



,.ck5 

o=t @ 
k=t  d 
drli=l 

P-2 
0 0 0 + + I + + I + + I 

([I m 
d a 
3 
c 
0 
d 
u m 

a, 3 r l r a  
o c  t n o  

d 

0 
0 cu 
0 
rl 

d 

0 
Ln c- 
0 
3’ 
d 

0 
0 c- 
0 
M 

d 
0 
0 
rl 

0 
0 
rl 

0 
0 
rl 

0 
0 
0 z 

V 

0 
IA 

V 
0 
0 
rl 

0 
0 
rl 

d 
Ln 

I z: I 
0 

rl 

A 

h , . c  

c *  x m 

d 

4 z c 
rd 
a, 
-P m 
rl 
PI 
Q) 
k 
d 
-P c w 

I3 
Ln 
I 
rl 

I3 
=t 

I cu 

E c 
0 
rl 
I 

rl 
a 
a, 
-P m 
rl 
0 
La 
d 

W 
a, m 

a, 
4 c g o  

* ” 
ki 
0 
rl 
0 
0 

rl u 
3 

rl u 
3 
ca m 

rl u 
!3 
0 m 

rl u 
d 
I4 
m 
([I 

rl u 
d 
4 
ca m 

rl 
0 
0 

rl 
I 

Ln 

0 

x c 
2 

0 
3 

A 
0 cu rl cu ca 

([I 

?I x 

cu 

- 41 - 



Table XV A P a r t i a l  Compilation of Growth and Metabolic Data 

Acetate Chloride Nutrient 
'Na M g  Ca Sr K Sr Control 

0.73 0.55 0.85 -- 0.84 -- ca 1 
Aw 
Mycelial ~ r y  wt (mg.) 140 602 540 -- 70 41  98 

N content (8) 2.22 2.22 0.34 0.80 1.39 1.43 3.53 

Amylase Secretion 
- 6 1 -- 0 0 11 Starch Agar (diam. 

of hydrolysis zone, 
m) 

Phosphorylase Secretion 
- -- 13 I 2  20 6 7 Glucose- 1-Phosphate 

Agar (diam. of syn- 
thes i s  zone, mm) 

Phenolase Activity 
(mrpurogal l in  
color/20 mg/l h r )  

Peroxidase Activity 
( f i r p r o g a l l i n  
color/20 mg/2 min) 

Cultures incubated a t  4 " ~ .  
Contains 0.1% peptone, 0.1% yeast extract ,  0.5% glucose. 

a 

. 

b for  Penicilliuma on Saturated Sa l t  Media. 

14  14  25 24 9 5 

29 15 25 25 20 7 

- 42 - 



Table XVI Acid T e s t  Media f o r  Penicillium notatum 

(8 wks) 

Response of Conideospores 

Normality 
of Acid 

Micro- 
hy-phae 

0 
0 

0 
0 
0 

0 
0 
0 

0 

0 

0 

0 

+ 
0 
0 
0 
0 

0 
0 
0 

Macro- 
JQwelium 

* 
Medium i n  Swelling G e r m h .  

Y O 4  1 
2 
4 

+ + 
+ 0 

0 
0 

H C 1  1 
2 
4 

0 0 
0 0 
0 0 

0 
0 
0 

"O3 1 
2 
4 

0 0 
0 0 
0 0 

0 
0 
0 

(heavy m a t  ) 

(heavy m a t  ) 

( submerged ) 
0 

+ 

+ 

+ 

H PO 3 4  1 0 0 

2 0 0 

4 0 0 

10 0 0 

CH COOH 3 1 
2 
4 
10 
1-7 

0 + 
+ + 
+ + 
+ + 
0 0 

H$?S03H 1 
2 

ca 4 
+ 0 
0 0 
0 0 

0 
0 
0 

* Contains O.I$ peptone, 0.1% yeast extract ,  0.5% glucose. 
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* 
Medium i n  

KOH 

Table XVII Basic Test Media for Penicil l ium notatum 

(8 wks) 

NaOH 

cH3m2 

No ma li t y 
of Base 

1 
2 
4 
10 

1 
2 
4 
10 

1 
2 
4 
6 

Growth of 
P. notatum Other Observations 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

ca 10 3 micrococci/ml 
r a r e  motile bac te r ia  

1 ca 10 micrococci/ml 

* 
Contains 0.1$ peptone, 0.1% yeast ex t rac t ,  0.5% glucose. 
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* 
Medium 

Table XVIII Other Test Media Under Observation for 

Penicillium notatum 

CH OH, Aqueous 3 

Temperature 

V o l .  % 100 22OC 
-40 

75 22 
- 40 

50 22 

-40 

NaF, Aqueous 

Saturated 

Glyc ero 1 

22 
50 
78 
104 

22 
50 
78 
104 

Observations (4 wks) 

No growth 
No growth 
Spores germinating ( rare ) 
Spores s w e l l  
More numerous germination, 

many s w e l l  
Rare spore germination 

Spores germinating 
Spores swollen great ly ,  no germ. 
Spores swollen 
No change noted 

Spores germinating 
Spores germ. rare 
Spores s w e l l  
N o  changes noted 

* 
Contains 0.1% peptone, 0.1% yeast ex t r ac t ,  0.5% glucose. 
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PENICILLIUM NOTATUM 

UCRl CLONE “EXTREMIS” 

Photographs Compare the Responses to Different Saturated 

Sa It Solutions at Different Temperatures 
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I .  

A 

Nutrient Broth Culture at: 
A) 22' 
B) 4' 
C) 16 hours at -30° 

8 hours at 22' 

Plate  1 
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A 

Saturated Ca(OAc)2 Broth Culture at: 

A) 2 2 O  
B) 4 O  

C) 16 hours a t  -30° 
8 hours at 22' 

Plate 2 
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C 

A 

Saturated Mg(OAc)2 Broth Culture at: 

A) 2 2 O  
B) 4' 
C) 16 hours at  -30' 

8 hours at 2 2 O  

Plate 3 

B 
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A 

C 

Saturated SrCl Broth Culture at: A) 22' 2 

B) 4' 
C) 16 hours at -3OO 

8 hours at 22' 

Plate 4 
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Saturated CaCb Broth Cultures at: 

A) 2 2 O  
B) 4' 
C) 16 hours at -3OO 

8 hours at 22' 

Plate 5 

- 5: - 



A 

C 

Top: Saturated NaOAc Broth Cultures Incubated at 2 2 O  (left) and 

at  4O (right). 

Bottom: Saturated KCI Broth Cultures Incubated at 2 2 O  (left) and 

4 O  (right). 

B 

D 

Plate 6 
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A 

C 
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B 

Growth of Penici l l ium Notatum at Room 
Temperature in: 

A) 1N H3P04 
B) 2N H3PO4 
C) 4N H3P04 

Plate 7 



Photomicrographs of Mold 

Growth in Various Media 
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A 

Saturated Solution of NaH2P04  

B 

Glycerol with Nutrient 

C 

90% Acetic Acid 

Plate  8 



A 

KCI 

Plate 9 
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A 

Glacial Acetic Acid 

C 

S r (0 Ac) 2 

Plate 10 
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Germination of Spores in Saturated Solution of NaF 

Plate 11 
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Germination of Spores in  a 1 Year Old Culture of  36N H2S04 Kept at  a 

Constant 60°. 

Plate 12 
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v. PEEMEABILITY IN RELATION TO E " M E N T A L  STRESS: 

A m L I M I N A R Y  RENIEW OF STATUS 

A. General Considerations 

The e n t i r e  h i s to ry  - evolutionary and developmental - of any and 

a l l  forms of c e l l u l a r  l i f e  involves some phase when a c e l l  i s  immediately 

surrounded by a non-cellular environment. 

most, i n  f a c t  - exist as c e l l s  or small c e l l  aggregates in a non-cellular 

and e s sen t i a l ly  non-biological f lu id .  Even those organisms t h a t  represent 

t h e  current products of selection f o r  the  dry land environment r e t a i n  com- 

para t ive ly  vulnerable in t e rna l  c e l l  surfaces, no matter how extensively 

chi t inized,  cutinized or cornified they may be. Finally,  even i n  the con- 

s idera t ion  of homeostatic systems such as Man, organized c e l l  aggregates 

a r e  surrounded by body f l u i d s  which they share i n  c m o n  with many other  c e l l s  

and t i s sues ,  as pa r t  of the so-called "mileau in t e r i eu r "  ( a f t e r  Ioeb). 

More generally, many organisms - 

Any disturbance which i s  transmitted v ia  the  environment in to  

t h e  c e l l  must f i r s t  encounter the membranes t h a t  comprise i t s  surfaces, 

both external  and in te rna l .  

e n t i r e l y  spec i f ic  t o  some non-membrane molecular species, process, o r  

system within t h e  c e l l  (e.g. DNA o r  glycolysis) ,  it must i n t e rac t  with the 

membrane. If the  said f ac to r  i s  react ive,  excitatory,  disruptive,  or  

capable i n  any way of causing a pertubation a t  the macromolecular level ,  

i n  a l l  probabi l i ty  it w i l l  do so a t  the membrane. 

Unless a given physical o r  chemical f ac to r  i s  

Furthermore, although a chemical o r  physical  stimulus may i n  some 

instances pass the membrane without disturbance, the  maintenance of the 

l ipoprotein system may be impaired. When a chain of disturbances reaches 
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the  membrane, it i s  l i k e l y  t o  be reinforced (pos i t ive  feedback), leading 

I t o  c e l l u l a r  degeneration unless prevented by a def in i te ,  adaptive, compensatory, 

o r  reparat ive system. 

Finally, within the  membrane resides  the  "point of decision" with 

reference t o  tolerance vs res is tance.  

excessive concentrations of H , OH-, NH4 , heavy metals, o r  so lu tes  generally 

as  it ca r r i e s  on i t s  normal t r a f f i c  i n  mater ia l  across the  membrane? Or does 

Does t h e  c e l l  s e l ec t ive ly  exclude 

+ + 

t he  c e l l  accept foreign substances, and then sequester, p rec ip i ta te ,  transform, 

or  immobilize then as noxious agents a f t e r  ( o r  during) en t ry?  Appropos of 

these l a s t  considerations, do c e l l  membranes (or  t h e  protoplast  membrane- 

nuclear membrane continuum) respond t o  stress i n  any manner t h a t  could be 

I 
reasonably interpreted as  re lease of information t h a t ,  when passed along a 

su i tab le  "code channel", could " c a l l  f or t1  the re lease  of membrane-regenerat- 

ing or detoxifying enzymes? 

Specialized human c e l l s  known as lymphocytes comprise a somewhat 

usefu l  model f o r  demonstrating t h a t  membrane-monitored s t r e s s  responses lead 

t o  increases i n  w h i t e  c e l l  number (Figure 5) .  

It i s  hoped t h a t  many of the above questions can be approached most 

expeditiously by a study of responses t o  extreme environmental stress i n  

organisms generally. 

B. Experimental Background and New Ac t iv i t i e s  

In  our  program under Contract NASw-767, membranes have only once 

come under consideration, namely, i n  the l ichen Cladonia. Other programs 

I i n  t h i s  laboratory, however, have been d i r e c t l y  concerned with the  membrane, 

using the  re lease  of pigment from beet-root t i s s u e  as  a measure of a l t e r ed  

membrane permeability . 
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Non-speci fic 
An ti gens, Bacteriol ysins 

Membrane 

I 
“Endolysin” 

1- 
Lysosome 

Mitosis 

t 
New Proteins 

t 

Ribonucleotides DNA 

/ 
N t / Protein 

Cathepsins ’ 

Figure 5 A Model for Membrane Function Under Immunologic 

Stress in Lymphocytes (After K. and R. Hirschhorn, 

NYU Medical Center, private communication, 1964-65). 
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The implication of the  membrane i n  oxygen t o x i c i t y  was made by 

Siegel and Gerschman (Siegel, S. M. and R. Gerschman, Physiol. Plantarum 

12: 314-323, 1959),who observed exudations containing proteins  on p lan ts  in -  

jured by high oxygen pressure. 

peroxides a t  low concentrations a r e  powerful membranolytic agents and t h a t  

t h e i r  e f f ec t s  on permeability a re  c losely enough re la ted  t o  growth-inhibition 

t o  cons t i tu te  the inh ib i tory  mechanism (Siegel, S. M., L. A. Rosen, and G. 

Renwick, Physiol. Plantarum 15: 304-314, 1962). Even i n  the  very d i f fe ren t  

s i t ua t ion  of growth inh ib i t ion  by alcohols, the  e f f e c t s  of these  substances 

on permeability a re  suf f ic ien t  t o  provide a complete mechanism of inh ib i t ion  

(Siegel, S. M. and L. A. Halpern, Proc. Nat. Acad. SOC. U. S. 51:765-768, 

1964). 

the  bee t  root membrane i s  a Po -controlled process (Siegel,  S. M., L. A. 

Rosen, and C. Giumarro, Nature 198: 1288-1290, 1963). 

Subsequently, it was shown t h a t  organic 

Another aspect of these s tudies  revealed t h a t  even thermal l y s i s  of 

2 

More recent experiments included the  demonstration t h a t  s a l ine  

++ inh ib i t ion  of winter rye germination can be a l lev ia ted  by Ca 

(Siegel, S. M., 0. W. Daly and C .  Giumarro, Nature 208:1012-1013, 1965). 

o r ig ina l  account of t h i s  study i s  found i n  Quart. Rpt. No. 1, 30 Sept. 1963, 

Section V I 1  (pp. 50-59). 

involving permeability f ac to r s  are:  

and O2 

The 

Other contract  s tudies  general ly  ind ica t ive  of o r  

( a )  Growth inh ib i t ion  i n  atmospheres containing v o l a t i l e  organic 

compounds - Quart. R p t .  No. 2, 31 Dec. 1963, Section V (pp. 19-26). 

The "second gas" e f f ec t  i n  HeLa c e l l s  - Semiann. Rpt., 1 NOV- 1965, 

Section I1 (pp. 45-46). 

( b )  
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( e )  Enhancement of O2 damage of cerea ls  by He and other  nobel gas 

anoxias - 
mart. Rpt. No. 2, 31 Dee. 1963, Section VI11 (pp. 34-35), 

Quart. Rpt. No. 4, 1 July  1964, Section IIIA (pp. 8-13), 

Semiann. Rpt., 1 Nov. 1965, Section I I B  (pp. 47-66). 

(a)  Relation of Po 

Section IIB (pp. 4-7). 

t o  cold i n j u r y -  Quart. Rpt. No. 4, 1 July  1964, 
2 

(e)  U s e s  of s t a i n  techniques f o r  the study of l ichens under stress - 
Semiann. Rpt., 1 Nov. 1964, Section N (pp. 20-26). 

In essence, ( a )  and (b)  above lead t o  the conclusion t h a t  growth 

inh ib i t ion  may be effected i n  O2 atmospheres which contain two classes  of 

substances not l i k e l y  t o  reac t  chemically with c e l l u l a r  components. F i r s t ,  

inh ib i t ion  by hydrocarbons i s  more severe the  higher t h e i r  bo i l ing  points 

(e.g. methane not a t  a l l ,  heptane highly tox ic) ,  presumably because the  

higher homologs a re  f a t  solvents. Second, among the noble gases, He 

i n t e n s i f i e s  tne irhT$?twy effect. of moderately hyperbaric 02, an e f f ec t  most 

l i k e l y  t o  involve enhanced access of O2 t o  the  c e l l  i n t e r io r .  

t he  point t h a t  He as an anoxic environment does not show i t s  adverse e f f ec t  

I t e m  ( e )  adds 

u n t i l  0 i s  once more introduced a t  a i r - l eve l  p a r t i a l  pressure. 2 

Item ( a )  suggests fur ther  membrane permeability-P re la t ions  by 
O2 

showing t h a t  tolerance t o  diurnal f reezing (-3O"C, t i s s u e s  wholly frozen) 

increased as  ambient 0 l eve l  f e l l  t o  zero, as indicated below: 2 
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Repair 

dead c e l l  

0 
repaired 

c e l l  

Finally,  item ( e )  was o r ig ina l ly  viewed as a possible  convenient 

diagnostic t o o l  u n t i l  it w a s  found t h a t  l ichen resp i ra t ion  w a s  r ead i ly  

measurable. It remains a powerful t o o l  f o r  cor re la t ing  permeabili ty w i t h  

various in jury  s ta tes .  The value of t h i s  approach even when s t a i n  react ions 

are gauged subjectively has been establ ished (Figure 6) .  

We now propose t o  study more extensively the  various stress 

factors ,  which have been and a re  yet t o  be encountered, using qua l i t a t ive  

techniques f o r  assessing changes i n  the  membrane. W e  s h a l l  f i r s t  study 

the  beet  root system within i t s  l i m i t s  of usefulness, and then, perhaps, 

quant i ta te  dye uptake in more r e s i s t a n t  forms such as l ichens.  
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A preliminary experiment was se t  up using d iscs  cut from 8 

different  beet  roots.  

a s ingle  exposure t o  -30°C f o r  4 hours were not great,  but  were colori-  

met r ica l ly  discernible  i n  terms of t h e  extent of pigment leakage. 

from the  same specimens were a l so  immersed i n  1 M NR40H, and leakage of t he  

pigment followed. 

dividuals w e r e  co-plotted as Freezing Damage vs M NH40H Damage, the correla- 

t i o n  revealed was highly grat i fying (Figure 7). 

The differences i n  the e f f e c t s  on these samples of 

Samples 

When the  points  f o r  the samples from t h e  several  in- 

- 
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